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Food consumption has considerable impacts on the environment. Recently, increasing numbers of
companion animal owners feed their animals with high nutritional food, which requires much land space
and has great impacts on carbon emissions. Therefore, the environmental impacts of food consumption
by companion animals can be significant, especially in a country with a large companion animal pop-
ulation, like China. In the present study, the ecological indicators of the ecological paw print (EPP),
carbon emission and energy consumption have been introduced for the first time to quantify the
environmental impacts of food consumption by companion dogs and cats in China. Our results showed
that the dietary EPP and carbon emissions of an average-sized dog relying on commercial dry food (0.82
e4.20 ha year1 and 0.037e0.190 ton. year1) were ca. eight and three times higher than those of the dog
relying on human leftover food (0.11e0.53 ha year1 and 0.014e0.064 ton. year1). There were more than
27.4 million companion dogs and 58.1 million companion cats in China in 2015. Assuming all these dogs
and cats eat commercial dry food, the dietary EPP of the total dogs and cats was 43.6e151.9 million ha.
year1, which was equivalent to the dietary ecological footprint (EF) of 5.1%e17.8% (70.3e245.0 million)
of Chinese people in 2015. The annual food consumption of all these dogs and cats was responsible for up
to 2.4e7.5 million tons carbon emissions, which was equivalent to the entire carbon emissions of 2.5%
e7.8% (34.3e107.1 million) of Chinese people in terms of food consumption in 2015. Our results also
demonstrated that some companion animals (especially large dogs) consumed more food energy than
their actual needs to keep normal activity, which resulted in food waste and exacerbated the environ-
mental burden. This research develops an accurate method for companion animals' dietary EPP calcu-
lation and quantifies the significant environmental impacts by investigating their dietary carbon
emissions and energy consumptions. Findings from this study will motivate companion animal owners
to reconsider the feeding regimens and husbandry activities, improve owners and even the whole
Chinese people's awareness of sustainability, and ultimately promote the whole country's sustainable
development.
© 2018 Elsevier Ltd. All rights reserved.1. Introduction
Companion animals are an integral part of human society in the
world. They provide a host of therapeutic, physiological and psy-
chological benefits to people (Okin, 2017; Su et al., 2018), such as
reducing risk of heart attacks, improving survival rates, increasing
physical activity and providing emotional and social supportl (B. Su).(Friedmann and Thomas, 1995; Qureshi et al., 2009; Wood et al.,
2015). According to the data from the Vetnosis and The European
Pet Food Industry Federation (FEDIAF), there were 223 million
registered companion dogs and 220 million registered companion
cats in the world in 2014. These animals require food and space,
which might be suitable as human food and arable land to produce
human food. Previous research has demonstrated that the land use
for only dried cat food in the top ten cat-owning countries in the
world is equal to an area about six times the size of New Zealand or
Japan (Vale and Vale, 2009). This number dramatically increases if
B. Su et al. / Journal of Cleaner Production 194 (2018) 1e112we include companion dogs' food consumption. Therefore, the food
consumption by companion animals is of importance to the
increasing level of environmental degradation and needs further
investigations.
In the present study, we questioned the environmental impacts
of food consumption by companion dogs and cats. We selected
China as the representative due to its large population of com-
panion animals. Further, an examination of the data from the China
industry information network showed that the estimated com-
panion dog population in China was 27.4 million and the cat pop-
ulation was 58.1 million in 2015. These numbers were expected to
increase by 10% annually, because China has entered into an aging
society and people, in particular old people like empty-nesters, are
increasingly likely to own one or more companion animals (MIIT,
2015; Wu et al., 2015). Given the rapid growth of the economy,
urbanization and industrialization, China's environmental prob-
lems and the ecological deficit have increased dramatically in the
last decade and the increasing number of companion animals'
impacts on carbon emissions would be more serious than we
heretofore imagined (Gao and Tian, 2016; Wang et al., 2016).
Additionally, due to the improving living standards and the
increasing purchase power, most companion animal owners have
started to pay much attention to their animals' nutritional re-
quirements. Companion dog and cat's main dietary source, left-
overs from human food, has begun to be replaced by the better-
quality commercial pet food, which includes more animal prod-
ucts and contributes to more environmental impacts (Carrion and
Thompson, 2014). These trends may aggravate the environmental
impacts of food consumptions by companion animals and can in-
crease the environmental burden of not only China but also the
whole world. However, case studies evaluating the magnitude of
these environmental impacts are rare and the development of
related policies in addressing these potential impacts deserves
more attention.
The ecological indicators of the dietary “Ecological Paw Print”
(EPP), carbon emission and energy consumption were introduced
to investigate the magnitude of the environmental impacts of
companion animals. The EPP was originated from the “Ecological
Footprint” (EF). The EF was first introduced by Wackernagel and
Rees (1998) as a measure of sustainability. It relates to how much
productive land is needed for an individual or population to
maintain itself and to process the manufactured waste beside given
technological development (Fiala, 2008; Szigeti et al., 2013). In New
Scientist, David Mackay, a physicist at the University of Cambridge
estimated the EPP of a cat to represent about 2% of the average
British person's EF (Ravilious, 2009). More shockingly, when
comparing data from a study conducted by Vale and Vale (2009), it
appears the dietary EPP of some large dog breeds is as high as the EF
for individuals in some undeveloped countries in the world
(Schwartz, 2014). In the US, dogs and cats consume about 19%± 2%
of the amount of dietary energy that humans do, and through their
diet, constitute about 25e30% of the environmental impacts from
animal production in terms of the use of land, water, fossil fuel,
phosphate, and biocides (Okin, 2017). These studies imply that the
negative environmental impacts of food production and con-
sumption by companion animals are significant and expected to
grow worldwide in the near future (Reijnders and Soret, 2003).
The primary purpose of this research was to investigate the
environmental impacts of food consumption by companion dogs
and cats in China. Specifically, we first quantified companion ani-
mals' food consumption, dietary EPP and carbon emissions
regarding human leftover food and commercial dry food. Given
companion animals' strong impacts on the environment, reducing
their food consumption is potentially the most direct attempt to
reduce their dietary EPP and carbon emissions. In order todetermine feeding directions and simultaneously guarantee com-
panion animals' health, we additionally compared their energy
requirement and energy consumption regarding both diet types. To
the best of our knowledge, this is the first study to approximate and
highlight the dietary EPP and carbon emissions of companion dogs
and cats by utilizing market-wide knowledge of pet food and direct
data on pet food consumptions. Therefore, our results will be
representative of the actual relationship between companion ani-
mals' food consumption and their environmental impacts in China,
and will be more powerful and valuable compared to the results
that based on stochastic data in previous studies. The accurate and
accessible methods and frameworks in this research can serve as a
motivational platform for other environmental studies related to
the food consumption by other animal types and us humans.
Findings and recommendations in this study will motivate com-
panion animal owners to reconsider the feeding regimens and
husbandry activities, encourage the government and policymakers
to reconstruct their policies concerning companion animals (e.g.,
taxation and registration), and ultimately promote Chinese peo-
ple's awareness of sustainability and the whole country's sustain-
able development.
2. Methods
2.1. The schematic overview of the methods
A schematic overview of the methods that we proposed in the
present research is presented in Fig. 1. This schematic overview
described how we quantified the environmental indicators of the
dietary EPP, carbon emission and energy consumption in this
research.
2.2. Application of the ecological footprint (ecological paw print)
analysis
The EF represents demand for ecosystem products and services
in terms of land use types (Geng et al., 2014;Wackernagel and Rees,
1998). The ecological footprint analysis (EFA) has been used widely
for fundamental studies of sustainable development (Lambrechts
and Van Liedekerke, 2014; Liu et al., 2017). EFA categorizes bio-
productive land into six land use types: arable land, grazing land,
forest land, fishing grounds, built-up land and energy land (Geng
et al., 2014; Wackernagel and Rees, 1998).
Generally, in national or global EF accounts, the EF calculation is
usually estimated by adding the imports and subtracting the ex-
ports to the output in the study system (Fu et al., 2015;
Wackernagel and Rees, 1998). However, at scales smaller than the
world as a whole, the EF calculation assesses the resources related
to the final consumption activities of that population (Geng et al.,
2014; Kitzes et al., 2008). Considering that our study mainly
focused on companion dogs and cats' dietary EPP, the calculation is
carried out directly through the final consumption data rather than
the production and trade data.
The dietary EPP calculation is based on the per capita dog/cat
consumption of food resources in various categories. The food
consumption items include poultry (chicken) and cereal regarding
commercial dry food while including beef, mutton, port, poultry,
fish, oil, egg, milk, grain, vegetable and fruit regarding leftovers
from human food (according to the categories of human food in the
China Statistical Yearbook). The land types of arable land, grazing
land, and fishing grounds were included in the present study.
Additionally, considering the resource consumption in the pro-
cesses of food production (including leftover food cooking) and
transportation (based on the resource consumption by train sets
because rail freight is the most popular way for pet food
Fig. 1. The schematic overview of the methods.
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Wakeland et al., 2012), the energy land was also involved in the
calculation of the dietary EPP. Although the pet food business has
increased rapidly in China, it is still not as popular as that in the
developed countries and many pet foods are sold through online
retailers. Therefore, the EPP from retailing process would be very
small and can be neglected. Due to the short periodicity of the food
production and the limited requirements for temperature and hu-
midity during storage, the proportion of the storage EPP is also very
small and can be reasonably neglected.
The calculations of the dietary EPP are as shown below:
First, the per capita dietary EPP component of each consumption
item should be calculated by the equation below (Du et al., 2006):
Ai ¼ Ci=Yi
Where,
i ¼ 1; 2…; is the number of consumption items; Ai ¼ per capita
dietary EPP component of item i (ha); Ci ¼ per capita consumption
of item i (kg or t); Yi ¼ the annual average productivity in the world
of item i (kg/ha or t/ha).
Then, the equation of per capita dietary EPP is as shown below
(Du et al., 2006; Liu et al., 2017):Chickenraw ðkgÞ ¼

proteincommercial food þ fatcommercial food

% food




Where,ri is the equivalence factor.
To align the measurement units, all four land types should be
converted using the equivalence factors. The equivalence factor is
the ratio of the average productive capacity of an area and the
world (Liu et al., 2017; Toth and Szigeti, 2016; Wackernagel et al.,
1999).
The dietary EPP of companion dogs was calculated based on
their consumption of leftover food and commercial dry food
(chicken-based), which are the twomost common pet food types in
China. Considering that companion cats are carnivores and not
adapted to human food, the dietary EPP of companion cats was
calculated only based on their consumption of commercial dry food
(chicken-based). Notably, as for the calculation of dietary EPP
regarding commercial dry food, we assumed both the crude protein
and fat were from chicken, and the carbohydrate was from cereals.
We used the raw chicken and cereal in the calculation process, and
the equations of the per capita consumption of raw chicken and
cereal are as shown below:consumption ðkgÞ
%
CerealrawðkgÞ ¼
carbonhydratecommercial food% food consumptionðkgÞ
carbohydrateraw cereal%
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Agriculture), Food Composition Databases, the average percentages
of protein and fat in raw whole chicken are 17.33% and 17.98%,
respectively, while the average percentage of carbohydrate in raw
cereal is 73.3%. The proprietary nature and incredible variety of pet
food recipes make an exact calculation impossible (Okin, 2017).
Hence, calculations in this part were made on the assumptions that
1) the weight of protein and fat in raw chicken and carbohydrate in
raw cereal did not change during the process of industrial pro-
duction (the conversion rate is one to one) and 2) these two raw
ingredients make up nearly all of the mass of the pet food.
2.3. The carbon emissions
According to the Consumer Lifestyle Approach (CLA), household
carbon emissions are related to individual (household) consump-
tion behaviors (Bin and Dowlatabadi, 2005; Xu et al., 2016). Carbon
emissions contain both direct (e.g., electricity, natural gas, domestic
cars) and indirect carbon emissions (e.g., clothing, eating, residing).
Companion animals as “stuff we have at home” also contribute to
the household carbon emissions. Considering that companion an-
imals' direct and some indirect carbon emissions (e.g., residing) are
difficult to separate out from household carbon emissions, in the
present study, we only measured their indirect carbon emissions
from food consumption.
The per capita carbon emission was calculated as follows (Wei
et al., 2007; Xu et al., 2016):
CO2 ¼ CIf  X
Where,
CIf refers to the carbon emission intensity of food consumption
in China (food 0.23t/104 CNY, transportation 0.07t/104 CNY, cooking
0.08t/104 CNY) (Wei et al., 2007; Xu et al., 2016), and X refers to the
final expenditure of food consumption for companion animals
(CNY).
Notable, the expenditure of commercial dry food was calculated
according to the final price, which includes the cost of all the in-
gredients and processes (e.g., fresh food, food production, and
transportation). The price of food items in human leftover food was
calculated according to the fresh food, but the expenditure of food
transportation and cooking was also included when we calculated
the carbon emissions of human leftover food (Wei et al., 2007; Xu
et al., 2016).
2.4. The energy requirement
The “Resting Energy Requirement” (RER) is the amount of cal-
ories required by an animal at rest in a thermoneutral environment
and does not support any exercise, growth, or reproduction. It is a
function of metabolic body weight and can be calculated using the
formula (Fleeman and Owens, 2007):




The “Maintenance energy requirement” (MER) is defined as the
energy required to keeping an animal in a “maintenance state”, or
maintaining a normal activity (Fleeman and Owens, 2007; Flynnet al., 1996; Jones and Ackerman, 2016; Streeter and Wakshlag,
2015).
The following is a guide to the calculation of MER for companion
dogs and cats.
For companion dogs (Fleeman and Owens, 2007; Linder and
Freeman, 2010; Thatcher et al., 2010):
MERdog ¼ Xð1:39Þ  RER
For companion cats (Linder and Freeman, 2010; Thatcher et al.,
2010):
MERcat ¼ Xð1:27Þ  RER
X refers to a coefficient. The coefficients (1.39 for companion dogs
and 1.27 for companion cats) were calculated according to the re-
sults from Linder and Freeman (2010).2.5. The metabolizable energy in feeding stuff
The metabolizable energy in leftovers from human food ðMElÞ is




Ci  Yi ði ¼ 1;2;3;4;5;6;7;8;9Þ
Where, i refers to consumption items, C means the weight of
food consumption, Y refers to the calorie content per weight (kg) of
consumption item in human food.
The calorie content of human leftover food was calculated ac-
cording to the information from the Calorie Control Council. We
chose ten most conventional cooking ways for each consumption
item in human food (with the exception of milk and oil) and
calculated the average calorie content of each item.
The calorie content of commercial dry food is dependent on the
amounts of crude protein, crude fat, and carbohydrate in the
product. According to the information from the Association of
American Feed Control Officials (AAFCO), carbohydrates are esti-
mated by calculating the “nitrogen-free extract” (NFE) in the
product. This is determined by subtracting the average of each of
the other components (percent crude protein, crude fat, crude fiber,
moisture, and ash) from 100. The equation of the calculation is as
shown below:
NFE ¼ 100 ðcrude proteinþ crude fat þ crude fiber
þmoistureþ ashÞ
The metabolizable energy of commercial food ðMEcÞ is calcu-
lated by the following formula (Meldrum et al., 2017):
MEc¼½ð3:5crudeproteinÞþð8:5crude fatÞþð3:5NFEÞ102.6. Data
In order to complete our analysis on Chinese companion ani-
mals' dietary EPP, carbon emissions, and energy consumption,
several approaches for data collection were introduced.
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companion dog and/or cat owners from 557 people among a
sampling frame of 3006 people throughout the mainland of China.
In order to keep the answer consistent, respondents were asked to
respond for only one dog or cat. For those owners who owned
more than one companion animal, we asked them to respond
according to the animal they had owned the longest. In the
questionnaire, respondents were asked to supply information
about their companion animals' basic characteristics (species,
breed, gender, size, age, neutered status and owners' perceptions
of their animals' health condition), as well as their husbandry
practices (How often do you visit the vet with your companion
animals?; how often and how long do you go for a walk with your
dog?; How often does your cat go outside?; How often and how
much do you feed your dog or cat?; How often do you brush your
dog [change your cat's litter]?; Does your cat sit frequently on your
lap?; Is your dog friendly to strangers?; Can your dog/cat stay
alone at home?; Where does your dog/cat sleep?; Who is taking
care of your dog/cat when you are not around?). Additionally, re-
spondents were asked if they were the main caregivers of their
pets, whether they have other pets and how many years they have
owned their pets.
Additionally, we reviewed the secondary sources of information
from the China Statistical Yearbook, China Industry Information
Yearbook, China industry information network, government re-
ports, statistical reports, published papers, international organiza-
tions and web pages. Data on the composition items, the price and
calorie content of each item in human food were derived from the
China Statistical Yearbook, 2015 and the Calorie Control Council.
Data were reported as the mean score (Table 1). Data on the
resource consumption of food production (including leftover food
cooking) and transportation was calculated according to the in-
formation from the China Statistical Yearbook and the National
Bureau of Statistics of China. The nutritional components, the
metabolizable energy and the price of the commercial dry food
were calculated according to the data from the seven most famous
Chinese pet food brands (RoyalCanin, Purina, Pedigree, ProPlan,
Bridge, Care and Myfoodie), which was evaluated by Chinese Brand
Research Institute regarding brand popularity, product sales,
employee numbers, asset size and operating conditions. Data were
shown in Table 2.
Data on global production, land use for average productivity and
equivalence factors were taken from the United Nations Food and
Agriculture Organization (FAO), the National Bureau of Statistics
and published papers (Table 3) (Liu et al., 2017; Shi et al., 2015;
Wackernagel et al., 1999; Wackernagel and Rees, 1998). These fac-
tors were used to calculate the dietary EPP components of grazing
land, arable land, fishing grounds and energy land.Table 1
The percentage, price and calorie content of each composition item in the human
food.
Items Percent (%) Price (Yuan/kg) Kg/Kcal
Beef and mutton 1.07 65.64 1913
Pork and other meat 6.85 24.84 2943
Poultry 2.57 20.04 2432
Fish 4.03 15.33 873
Oil 3.04 10.10 8840
Egg 2.88 9.83 906
Milk 4.68 13.4 630
Cereal 30.84 5.38 3790
Vegetable and fruit 43.69 6.98 470
Note: data were from the China Statistical Yearbook, 2015 and the Calorie Control
Council.3. Results
3.1. Human demographics
In total, 503 completed surveys were received. Participants'
basic information is reflected in Table 4.
3.2. Animal demographics
Companion animals' basic information is presented in Table 5.
3.3. The ecological paw print and carbon emissions of companion
animals in China
3.3.1. Individual companion dog
Our results showed that an average Chinese companion dog
could consume 62.43e286.58 kg leftover food or 47.72e242.91 kg
commercial dry food in a year. We found significant correlations
between food consumption per unit body weight and companion
dogs' age (r¼ 0.166, p¼ 0.001), size (r¼ 0.296, p< 0.001), sterili-
zation station (r¼ 0.160, p¼ 0.002), and their activity time
(r¼ 0.131, p¼ 0.011), although the relationships were not strong. In
China, the natural gas consumptions for per kg dry pet food pro-
duction and per kg human food cooking are 0.12,249 kg and
0.03762 kg, respectively, while the electric consumption for per kg
food transportation is 0.04 kWh (calculated based on the data from
the China Statistical Yearbook). According to this information, we
calculated that the EPP of commercial dry food production and
human food cooking was 0.039 ha/ton and 0.012 ha/ton, respec-
tively, and the EPP of food transportation was 0.021 ha/ton. Based
on companion dogs' size and food consumption (including fresh
food ingredients, food production and transportation), we calcu-
lated their dietary EPP and carbon emissions regarding different
food types. Our results showed that a large dog's dietary EPP and
carbon emissions were much higher than that of a small dog. The
dietary EPP and carbon emissions of an average-sized dog relying
on commercial dry food were ca. eight and three times higher than
those of the dog relying on human leftover food (Table 6). Gener-
ally, the average lifespan of a dog is around 10e12 years, but there
are cases where dogs have reached the age of 17e22 years,
depending on the variety and size (Lazar et al., 2016; Shaw,1892). In
the present study, we estimated the lifespan of an average dog is 12
years and their annual food consumption would not change over
time. According to their food consumption during their whole life,
we found that the dietary EPP of an average-sized dog relying on
leftover food was 1.37e6.31 ha, which was responsible for the
release of up to 0.164e0.769 tons of carbon dioxide. However,
assuming they eat commercial dry food during their whole life,
then the dietary EPP of an average-sized dog would increase to
9.92e50.49 ha, which was responsible for up to 0.449e2.285 tons
carbon emissions (Table 6).
3.3.2. Individual companion cat
An average cat could consume 20.11e33.63 kg year1 of com-
mercial dry food, and the dietary EPP and carbon emissions of one
cat were 0.36e0.63 ha year1, and 0.024e0.040 tons. year1,
respectively (Table 6). In general, the average lifespan of a cat is
around 14 years (Lazar et al., 2016; Shaw, 1892). Therefore, the
whole-life dietary EPP of a cat relying on commercial dry food was
5.06e8.85 ha, which was responsible for the release of up to
0.334e0.558 tons of carbon dioxide (Table 6). Additionally, we also
analyzed the correlation between food consumption and cats'
gender, age, the sterilization stations, as well as their activity time.
However, we did not find any significant correlations (data not
presented in Table).
Table 2
The ingredients, metabolizable energy, and price of commercial companion animal food.
Small dog Middle dog Large dog Dog (average) Cat (average)
Protein (%) 26.60 25.19 23.91 25.21 29.15
Fat (%) 14.14 14.66 12.73 13.80 13.17
Ash (%) 9.20 8.83 9.59 9.23 8.39
Fiber (%) 3.80 3.39 3.92 3.72 4.66
Moisture (%) 10.43 10.51 10.44 10.44 8.75
Carbohydrate (%) 35.83 34.42 39.41 37.60 35.88
MEc (kcal/kg) 3386.95 3332.45 3298.25 3371.35 3395.50
Price (CNY/kg) 39.82 32.48 30.18 34.08 51.57
Note: data were calculated according to the information from seven most popular pet food brands.
Table 3







Beef and mutton 33 0.5 Grazing land
pork 74 0.5 Grazing land
Poultry 33 0.5 Grazing land
Fish 29 0.2 Fishing grounds
Oil 1856 2.8 Arable land
Egg 400 0.5 Grazing land
Milk 502 0.5 Grazing land
Cereal 2744 2.8 Arable land
Vegetable and fruit 18,000 2.8 Arable land
Energy* 5.2 1.1 Energy land
*Note: Carbon emission factor is 0.409, the C-CO2 transformation factor is 3.67 (Liu
et al., 2017).
Table 4






18e29 years 118 (23.5)
30e39 years 164 (32.6)
40e49 years 116 (23.1)
50e59 years 80 (15.9)
60 years and older 25 (5.0)
Highest Level of Education
Less than grade 12 6 (1.2)
High school 32 (6.4)
College or technical school 96 (19.1)
University and above 369 (73.4)
Place of Residence
Urban areas 483 (96.0)
Rural areas 20 (4.0) ①
Career Types




Social welfare 3 (0.6)
Other 3 (0.6)
Organization Participation
Improving the welfare of animals 259 (51.5)
Conservation of the natural environment 351 (69.8)
Improving human rights or health 252 (50.1)
Note: N means the number of responses; % means the percentage of responses in
each item. ① This research suffered from a somewhat unbalanced distribution of
participants. Only 4% of the surveys originated from rural areas because of the less
internet access in rural areas, people's reluctance to respond and their relatively
lower level of education.
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The China industry information network estimated that there
were 27.4 million companion dogs and 58.1 million companion cats
in China in 2015. Our results showed that the dietary EPP of an
average-sized dog relying on leftover food was 0.11e0.53 ha year1.
Multiplied by the estimated number of companion dogs in China,
this leads to an estimate of 3.1e14.5million ha. year1 of the dietary
EPP, which was responsible for up to 0.4 to 1.7 million tons of
carbon emissions. The dietary EPP of an average-sized dog relying
on commercial dry food was 0.82e4.20 ha year1. This leads to an
estimate of 22.6e115.2 million ha. year1 of the dietary EPP for the
total dogs, which was responsible for up to 1.0 to 5.2 million tons of
carbon emissions (Table 7). With regard to cats, the dietary EPP of
all companion cats relying on commercial dry food was 21.0e36.7
million ha. year1, which was responsible for up to 1.4 to 2.3 million
tons of carbon emissions (Table 7).
According to the data from the China Statistical Yearbook, 2015,
the per capita food consumption by human was 354 kg year1. As
calculated, the per capita dietary EF in China was 0.62 ha year1,
which yielded an estimate of 0.070 tons of carbon emissions
(Table 8). Assuming all companion dogs and cats eat commercial
dry food, their total dietary EPP was equal to the entire dietary EF of
5.1%e17.8% (70.3e245.0 million) of Chinese people, while the total
carbon emissions of food consumption by these companion dogs
and cats were equal to the entire dietary carbon emissions of 2.5%e
7.8% (34.3e107.1 million) of Chinese people.3.4. The energy requirement and energy consumption of companion
animals in China
The results of the analysis regarding the energy requirement are
included in Fig. 2. According to our data, the body weight of
10e29 kg was used to represent average dog weight. We found that
an average-sized dog's RER and MER were 143,678 to
319,293 kcal year1 and 199,713 to 443,817 kcal year1, respec-
tively. The energy they finally consumed regarding leftover food
and commercial dry food varied from 125,999 to
578,387 kcal year1 and 160,881 to 818,935 kcal year1, respec-
tively. The calorie intake for many dogs (in particular middle-sized
and large dogs) relying on commercial dry food was much higher
than their actual needs (Fig. 2). For cats, the body weight of 2e6 kg
was used to represent average cat weight, and an average cat's RER
and MER were 42,970 to 97,950 kcal year1 and 54,572 to
124,396 kcal year1, respectively. The energy they finally got from
commercial dry food ranged from 68,284 to 114,191 kcal year1. The
calorie intake from commercial dry food was sufficient to offset
their actual energy requirement (Fig. 2).
In order to reduce overfeeding and food waste, Fig. 3 showed an
overview of the feeding directions concerning different food types.
The recommended food consumption for each diet was determined
on the basis of MER.
Table 5
The basic information of animals.
Dog: N (%) Cat: N (%)
Animal species 373 (74.2) 130 (25.8)
Gender
Male 231 (91.9) 62 (47.7)
Female 142 (38.1) 68 (52.3)
Age
<5 years 227 (60.9) 77 (59.2)
5e10 ears 128 (34.3) 44 (33.8)
>10 years 18 (4.8) 9 (6.9)
Size
Small (1.5e10 kg)① 113 (30.3) e
Middle (10e25 kg) 190 (50.9) e
Large (25e70 kg)② 70 (13.9) e
Food consumption
Dog: <10 g.BW1.day1③; Cat: <50 g.day1④ 69 (18.5) 19 (14.6)
Dog:10e25 g.BW1.day1; Cat: 50e100 g.day1 233 (62.5) 84 (64.6)
Dog: >25 g.BW1.day1; Cat: >100 g.day1 48 (12.9) 18 (13.8)
No idea 23 (6.2) 9 (6.9)
Health condition
Good 299 (80.2) 100 (76.9)
Fair 70 (18.8) 30 (23.1)
Bad 4 (1.1) 0 (0)
Sterilization conditions
Neutered 91 (24.4) 46 (35.4)
Sexually intact 282 (75.6) 84 (64.6)
Activity
Dog: <1 h; Cat: Never 157 (42.1) 45 (34.6)
Dog: 1e2 h; Cat: Sometimes 201 (53.9) 69 (53.1)
Dog: >2 h; Cat: Whole day 15 (4.0) 16 (12.3)
Significantly overweight⑤ 11 (2.9) e
Note: N means the number of responses; % means the percentage of responses in
each item. ① The Chihuahua is the smallest dog breed in the world (also in our
study) (Knowler et al., 2017) and The Federation Cynologique Internationale (FCI)
standard states that an adult Chihuahua in general not weight less than 1.5 kg.
Therefore, we set the minimum value for dog weight as 1.5 kg. ② The Tibetan
Mastiff is the largest dog breed in China (as well as in this study), and an adult
companion Tibetan Mastiff generally not weight more than 70 kg (Guo et al., 2015).
Therefore, we set the maximum value for dog weight as 70 kg. ③ According to the
sample in our study, the minimum resting energy requirement for a companion dog
is 24.2 kal.kgBW1.day1, which means Chinese dog owner should give their dog at
least 7 g. kgBW1.day1 of dry food or 12 g.kgBW1.day1 of leftovers to keep their
dog in good or fair health condition (99.0% respondents reported their dog's health
condition as good or fair). Therefore, in the calculation process, we set the minimum
value for dog food consumption as 7 g.BW1.day1 and 12 g.kgBW1.day1
regarding commercial dry food and leftover food. ④ The body weight of cats (in
general 2e6 kg) varies less than that of dogs, so the daily food consumption of cat
was asked without considering their body weight. The minimum resting energy
requirement for a companion cat is 117.7 kcal.day1, which means Chinese cat
owners should give their cat at least 35 g.day1 of dry food to keep their cat in good
or fair health condition (100% respondents reported their cat's health condition as
good or fair). Therefore, in the calculation, we set the minimum value for cat food
consumption as 35 g.day1 regarding dry food. ⑤ Significantly overweight means
that the bodyweight of companion dogs exceeds the upper limit of the standard
bodyweight of the corresponding breed.
Table 6
Individual dog and cat's food consumption, dietary ecological paw print (EPP) and carbo
Leftover food
Food consumption (Kg/year) EPP (ha) CO2 emissio
Dog
Average-sized dog 62.43e286.58 0.11e0.53 0.014e0.06
Small dog 7.93e91.25 0.01e0.16 0.002e0.02
Middle-sized dog 47.12e228.13 0.09e0.42 0.010e0.05
Large dog 158.12e638.75 0.30e1.17 0.035e0.14
One dog (lifetime) 749.16e3438.96 1.37e6.31 0.164e0.76
Cat
Average-sized cat e e e
One cat (lifetime) e e e
Note: commercial dry food was calculated without moisture; the body weight of a small d
sized dog is 10e29 kg, an average-sized cat is 2e6 kg.
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Growing evidence has revealed that owning one or more pets
can increase owners' physical activity, decrease their loneliness and
improve their sense of physical and psychological well-being (Cutt
et al., 2007; Dotson and Hyatt, 2008; Qureshi et al., 2009; Wood
et al., 2015).
However, acknowledging their positive bond with humans does
not mean neglecting their negative impacts on the environment
(Rushforth andMoreau, 2013). The purposes of performing Chinese
companion animals' dietary EPP and carbon emissions in the pre-
sent study were (1) to have a clear view of their food consumption,
(2) to investigate their ecological impacts and (3) to raise their
owners' awareness of environmental protection and animal well-
being. The results indicate that companion dogs and cats
consumed a significant amount of food energy, resulting in nega-
tive environmental impacts such as the huge carbon emissions.
This is particularly true given increasing companion animal
numbers in China and the high nutritional content of companion
animal food (Okin, 2017; Swanson et al., 2013). Measures that
would considerably reduce companion animals' environmental
impacts should be discussed.
4.1. Ecological paw print
Due to the higher percentage of animal products in commercial
dry food, the dietary EPP of an individual dog relying on such food
was found to be much higher than that of an individual dog relying
on leftover food. The dietary EPP of all companion dogs, if assuming
they eat human leftover food, was equivalent to 0.4%e1.7%
(5.0e23.4 million) of Chinese people's dietary EF. While this
number would increase to 2.6%e13.5% (36.5e185.8 million) of
Chinese people if assuming all these dogs eat commercial dry food.
Therefore, it is clear, at least for countries with a large number of
animal populations like China, that the consumption by companion
animals should be considered when measuring national environ-
mental performances (Okin, 2017). A large variation of the dietary
EPP was also found among different sizes of dogs. Thus, care must
be takenwhen measuring the dietary EPP of different sizes of dogs.
Our results also reveal that the dietary EPP of two large dogs relying
on commercial dry food was equivalent to 20 Chinese people's di-
etary EF, or one Chinese people's whole EF (12.46 ha) (Venetoulis
and Talberth, 2008). Considering that we only calculated compan-
ion dogs' food consumption, we thought the corresponding animal
numbers should be reduced if we took their consumption of water,
health, and entertainment into account. Inconsistent with a pre-
vious study showing that the dietary EPP for a small dog relying on
commercial dry foodwas 0.09e0.18 hawhile for amiddle-sized dog
(15 kg) was 0.48 ha (Vale and Vale, 2009), our results demonstratedn emissions regarding leftover food and commercial dry food in China (2015).
Dry food (chicken-based)
ns (t) Food consumption (Kg/year) EPP (ha) CO2 emissions (t)
4 47.72e242.91 0.82e4.20 0.037e0.190
1 5.70e68.44 0.10e1.23 0.005e0.063
1 38.67e212.66 0.68e3.75 0.029e0.159
3 142.21e615.17 2.32e10.05 0.099e0.427
9 572.64e2914.92 9.92e50.49 0.449e2.285
20.11e33.63 0.36e0.63 0.024e0.040
281.54e470.82 5.06e8.85 0.334e0.558
og is 1.5e10 kg, a middle-sized dog is 10e25 kg, a large dog is 25e70 kg, an average-
Table 7
The total food consumption, dietary ecological paw print (EPP) and carbon emissions of Chinese companion dogs and cats in 2015.
Leftover food dry food (chicken-based)
Food (million kg/year) EPP (million ha) CO2 emissions
(million tons/year)
Food (million kg/year) EPP (million ha) CO2 emissions
(million tons/year)
Total dog 1711e7852 3.1e14.5 0.4e1.7 1308e6656 22.6e115.2 1.0e5.2
Total cat e e e 1168e1954 21.0e36.7 1.4e2.3
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was 0.10e1.23 ha, while for a middle-sized dog was 0.68e3.75 ha.
One possible explanation might be that our study was conductedTable 8
The per capita food consumption, ecological footprint and carbon emissions of
Chinese people in 2015.
Human Food consumption (Kg/year) EF (ha) CO2 emissions (t)
Per capita 354 0.62 0.070
Note: Data for the food consumption per capita were from Chinese Statistical
Yearbook, 2015.
Fig. 2. The resting energy requirement (RER), maintenance energy requirement (MER)
and the final energy consumption of individual companion animal in 2015. The error
bar means standard deviation (SD).
Fig. 3. Feeding directions regarding different food types. The error bar means standard
deviation (SD).six years later, and the EPP is a dynamic indicator because the
resource consumption of companion animals and the nutritional
content of animal food would change over time (Ou and Tan, 2013).
Notably, an important caveat for the calculations of the dietary EPP
of dogs is that the source of the data and mode of calculation are
dramatically different. Therefore, it is not surprising that the results
may be systematically different. Considering that a detailed calcu-
lation was provided in the present study, with market-wide
knowledge of pet food and direct data on food consumption, we
think our findings are more representative of dogs' actual food
consumption and environmental impacts.
With regard to companion cats, our results indicate that total
companion cats' dietary EPP was equal to 2.5%e4.3% (33.9e59.2
million) of Chinese people's dietary EF, or 0.1%e0.2% (1.7e2.9
million) of Chinese people's whole EF according to the data from a
previous study (Venetoulis and Talberth, 2008). The dietary EPP of
an average-sized cat relying on commercial dry food was
0.36e0.63 ha, which is basically in accordance with previous find-
ings reporting that the dietary EPP of an average-sized cat was
0.3 ha (Vale and Vale, 2009). An explanation of the similar results is
that we used the same approach (according to the fresh chicken
that an individual cat consumed, rather than dry chicken) to
calculate the dietary EPP of companion cats. Cats have a smaller
appetite than dogs, which might be another reason to explain the
fact that the cat's dietary EPP would not change too much over
time.
The gap between urban and rural areas is one of the most sig-
nificant characteristics of contemporary China and this gap directly
influences household lifestyle including companion animals'
feeding regimens (Su and Martens, 2017). For instance, in rural
areas, plant-based leftover food and even by-products from agri-
culture (crop residue and straw) are often used to feed household
animals, and the malnutrition problems exist among many com-
panion animals (Li and Davey, 2013). Commercial dry food and
leftover food with both plant and animal-based products are more
commonly used to feed companion animals in urban areas than in
rural animals, and the phenomena of foodwaste and overfeeding in
urban areas are more serious than that in rural areas. These
different husbandry activities between rural and urban areas will
lead to different dietary EPP of companion animals. However, in
this study, only 4% of the surveys originated from rural areas
probably due to limited internet access in such places, people's
reluctance to respond and their relatively lower level of education
(Su and Martens, 2017). This would to some extent bias our results.
Yet, considering that dogs and cats in rural areas are generally
viewed as working animals and have roles in civilian security and
pest control (Cao, 2015; Headey et al., 2008), we feel that the in-
fluences of unbalanced samples are minimal and can be reasonably
neglected in the present study.4.2. Carbon emissions
Companion animals' food consumption is often neglected by
their owners and researchers, although it actually contributes to a
significant proportion of carbon emissions. As calculated, the
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companion dogs and cats in China were equal to 2.5%e7.8%
(34.3e107.1 million) of Chinese people's dietary carbon emissions.
The increasing pet ownership in contemporary China may also
serve to increase the potential carbon emissions of pet dogs and
cats (Okin, 2017).
Meat plays a large role in determining the environmental im-
pacts of an individual animal's diet. Our results demonstrate that
due to the higher meat content, carbon emissions derived from
animals' commercial dry food were higher than that from leftover
food. It could be argued that dogs and cats eat meat that humans
cannot consume and which is simply a byproduct of production for
human use, and therefore should not be counted when calculating
their carbon emissions (Okin, 2017). However, many ingredients
(e.g., chicken liver) in pet food can certainly be edible after pro-
cessing (Okin, 2017). The trend toward premium pet food with
more animal products that Chinese people would recognize as
edible indicates that companion animals are eating animal prod-
ucts that could also be eaten by humans (Okin, 2017). This reminds
us that a direct competition of some ingredients exists between
animal food and human food systems (Swanson et al., 2013), and
therefore companion animals' food-derived environmental impacts
cannot be neglected.
Inasmuch as increasing animal production is a threat to Chinese
and even global environment, the non-negligible contribution of
dogs and cats compounds the problem and exacerbates the threat
to sustainability posted by human consumption (Okin, 2017;
Tilman et al., 2011; Tilman and Clark, 2014). The results from the
present study suggest that additional research is needed to evaluate
the animal content and human-edibility of ingredients in dog and
cat food after processing. The calculations presented here indicate
that companion animals comprise a significant proportion of total
energy and animal product consumption in China, with a consid-
erably great impact on carbon emissions (Tilman and Clark, 2014).
Additionally, since many dogs and cats in rural areas are not
registered and licensed, we suppose the environmental impacts by
companion animals would increase dramatically if including all
companion animals in rural areas, although their owners prefer to
feed them more plant-based food than animal-based food.
4.3. Energy requirement
In view of that the RER does not consider animal gender, age,
size or activities (Fleeman and Owens, 2007), we provided both the
RER and the MER in the present study. Interestingly, there might be
some floor effects that made small and middle-sized dogs' mini-
mum energy consumption lower than their minimumMER, but our
results demonstrate that some companion animals, particularly
middle-sized and large dogs, consumedmore food than their actual
needs to keep normal activity. This may directly lead to animal
obesity, which is not only associated with numerous diseases, but
also with resource consumption and environmental degradation.
For overweight or obese companion animals, the extra weight
would require more calories and the environmental impacts due to
overfeeding would be more severe. This reminds us that the envi-
ronmental degradation resulted from overweight and obesity
should be quantified in the future studies, especially for those will
be conducted in countries with many obese companion animals. It
also indicates that greater calorie restriction is necessary to keep
companion animals' standard body weight and simultaneously
reduce their energy consumption and environmental impacts.
Fortunately, companion animal obesity in China is not as com-
mon as that in developed countries, but a trend is seen towards
higher energy consumptions by companion animals. Pet food is a
major source of calories for companion animals. Therefore, effortsto reduce overfeeding and food waste should be considered in or-
der to reduce their environmental impacts. Many companion ani-
mal owners and even veterinarians rely on the recommendations in
the pet food's label (Linder and Freeman, 2010). However, based on
consumer demand, many commercial pet goods are formulated to
provide excessive nutrients, resulting in overfeeding, energy waste
and animal obesity. To ensure both human society and pet
ownership can be sustained in the future, the pet food industry
should provide accurate information about the nutrition and
portion sizes of pet food, and guarantee that the pet food should be
economically affordable and culturally acceptable, and should
effectively satisfy the needs for the good health of animals as pets.
In addition, pet food companies could assist in improving pet
health by developing foods with appropriate caloric density on a
volume basis, and making more accurate and specific feeding di-
rections regarding animal size, age, breed and activity (Linder and
Freeman, 2010; Swanson et al., 2013).
It should bementioned that diet selection and control of calories
from animal diets are important, but they are not the only two
components for a healthy weight control intervention (Linder and
Freeman, 2010). Companion animals vary greatly in their energy
requirements, and it is necessary to adjust feeding recommenda-
tions for each animal (Linder and Freeman, 2010). This requires
companion animal owners to pay more diligent attention to their
animals' activity and health condition. The information this study
provides should be of use to Chinese pet owners, veterinarians and
pet food manufacturers in understanding the energy and nutri-
tional requirement of companion dogs and cats.
4.4. Indicator analysis: use of the ecological paw print in animal
welfare and sustainable development
Scientific evaluation of companion animals' dietary EPP, energy
requirement, and environmental impacts can provide valuable in-
sights to pet owners and policymakers so that the awareness of
animal welfare can be improved and the sustainable development
patterns can be recognized (Geng et al., 2014). According to our
study, close attention should be paid to the feeding directions of
different food types, which are related to both environmental
degradation and animal health. By comparing companion animals'
energy requirement and consumption, owners can be reminded to
consider their animals' health conditions, which is good for
improving the awareness of animal welfare (Su andMartens, 2017).
Since animal-based products, compared to plant-based products,
have considerably greater impacts on the environment, some
companion animal owners are suggested to feed their animals with
more plant-based food, or human leftover food which includes less
animal-based products than commercial dry food. However, due to
the nutrient deficiencies and food safety issues, the plant-based
food and human leftover food may lead to health risks to com-
panion animals, such as the long-term complications varying from
the poor skin to chronic diarrhea (Laflamme et al., 2008; Weeth,
2013). Therefore, when caring for companion animals' food con-
sumption and the environmental impacts, owners and policy-
makers should focus on animal welfare, based on which the
approaches of low dietary EPP and carbon emissions should be
emphasized in feeding regimens and mitigation policies (Xu et al.,
2016).
The number of dog- and cat-owning households is increasing in
China, and at the same time, there is an increasing trend in the high
nutritional content of pet food. As a possible consequence, obesity
will become a major problem among companion animals in China.
Therefore, the pet food industry should start to confront the
issue of the sustainability of feeding pets through advances in
product design and manufacturing in order to avoid overfeeding
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should be oriented toward encouraging recycling and finding
alternative sources of protein (Okin, 2017; Swanson et al., 2013).We
suppose such measures would reduce companion animals' envi-
ronmental impacts. However, in order to drastically reduce their
dietary EPP and environmental impacts, other measures such as
changing the food system, replacing large animals with small ones
that can provide the same physical and psychological benefits to
humans and reducing companion animal numbers should be
considered.
4.5. Limitation of this study
This research is the first to examine the dietary EPP, carbon
emissions and energy consumptions of companion dogs and cats in
China. Hence, it inevitably involves some limitations. For example,
there is quite a bit of uncertainty regarding the exact amount of
food (particularly leftover food) eaten by companion animals. Many
Chinese companion animal owners give their animals leftover food
mixed with dry food or prepare pure meat food (or commercial
canned food) when their animals are sick or when they are bored
with the normal food (i.e., leftover food and dry food). It is not
possible for respondents to provide the accurate percentages of
different food types. This may result in the uncertainty dietary EPP
of an individual companion animal. However, in the present study,
we analyzed companion dog and cat's dietary EPP regarding each
food type, which has primarily addressed this problem. Addition-
ally, asking respondents to provide the exact body weight of their
companion animals is very difficult if we want to collect more
samples. Therefore, we provided three possible body weight ranges
to respondents, and consequently, the results of the dietary EPP,
carbon emissions and energy consumptions were also displayed as
ranges. In order to cover all the possible answers and simulta-
neously make the calculation possible, we provided the minimum
bodyweight and food consumption per unit bodyweight, as well as
the maximum body weight of companion animals. This may lead to
the larger ranges of the EPP, carbon emissions and energy con-
sumptions. Nevertheless, this also reminds us that research with
specific values of body weight and resource consumption should be
conducted in the future. Due to the manner of information collec-
tion, this research suffered from a somewhat unbalanced distri-
bution of participants. For instance, the number of urban
respondents wasmuch higher than that of rural respondents. As we
mentioned above, this might make our results of the dietary
environmental impacts of companion animals slightly more severe
than the real scenario because most of the companion animal
owners in rural areas prefer to feed their animals withmore or even
all plant-based leftover food. However, given that dogs and cats in
rural areas are not generally viewed as companion animals (Headey
et al., 2008), this limitation can be reasonably neglected in the
present study.
5. Conclusion
Animal companionship can benefit physiological, psychological
as well as social aspects of human life. However, their contribution
to the environmental degradation is crucial to sustainability and
therefore should not be neglected. Calculating the dietary EPP and
carbon emissions of companion dogs and cats in China is an
important way to contextualize their different dietary choices in
environmental protection. This research developed an accurate and
accessible method for companion animals' dietary EPP calculation
and quantified the significant environmental impacts by investi-
gating their dietary carbon emissions. Our results showed that the
dietary EPP and carbon emissions of an average-sized dog relyingon commercial dry food were much higher than those of the dog
relying on human leftover food because animals' commercial dry
food, compared to human leftover food, includes more animal
products, requires more land and has greater environmental con-
sequences in terms of carbon emissions in China. The dietary EPP of
all Chinese companion dogs and cats, assuming they eat commer-
cial dry food, was equivalent to the dietary EF of 5.1%e17.8%
(70.3e245.0 million) of Chinese people in 2015. The annual food
consumption of all these dogs and cats was responsible for up to
2.4e7.5 million tons carbon emissions, which was equivalent to the
entire carbon emissions of 2.5%e7.8% (34.3e107.1 million) of Chi-
nese people in terms of food consumption in 2015. Additionally, our
results demonstrated that many companion animals (especially
large dogs) consumed more energy than their actual needs to keep
normal activity.
As pet ownership increases in China and trends continue in pet
food towards higher percentages of animal products, pet owner-
ship will definitely aggravate environmental degradation and
exacerbate the threat to the sustainability. Therefore, finding ways
to reduce the entire resource consumptions by companion animals
not only in China but also in other countries with a large animal
population is significant to the well-being of future generations. It
is clear that a transition to companion animal owners that avoid
overfeeding and food (especially animal products) waste would
reduce the overall food consumption and the environmental
damage in China. Additionally, our findings demonstrate that ani-
mal (dog) size is significantly correlated with food and energy
consumption, the smaller the animals, the lower the dietary EPP
and carbon emissions. Therefore, replacing large dogs with small
dogs or cats that offer similar health and emotional benefits would
considerably reduce their environmental impacts (Okin, 2017).
This study investigated the relationship between companion
animals' food consumption and their environmental impacts. It
aimed to improve owners and even all Chinese people's awareness
of sustainability and ultimately promote the whole country's sus-
tainable development. Quantifying the precise relationship between
companion animals' food consumption and their environmental
impacts needs owners to provide the detail information of their
animals' food consumption, body weight, and activity level.
Research with specific values of these variables, therefore, should be
conducted in the near future. Besides food consumption, companion
animals also need water, living spaces, entertainment, health care
and other resources and services, which would dramatically exac-
erbate their environmental impacts. Hence, a broader quantification
of companion animals' all aspects of resource consumptions is
needed to be designed and tested. Another interesting avenue for
future research is using the framework of the dietary EPP to assess
the relationship between the environmental impacts and the food
consumption by other animal types, such as farm animals, wild
animals, zoo animals, working animals and laboratory animals.
Additionally, we should admit that there is no single evaluation
approach can present all dimensions of sustainability (Geng et al.,
2014). It may be necessary to integrate EPP analysis with other
evaluation frameworks so that more scientific sustainable ap-
proaches can be addressed for minimizing resource consumption
and simultaneously maximizing the sustainability of a country as a
whole. Despite the difficulties inherent in studying animals partic-
ularly companion animals' environmental impacts, we believe such
research is necessary if we wish to make sense of the manner in
which other species are related to the environmental world.
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